The 100 MHz spectra of the phenyl protons in 2-(3-chlorophenyl) oxetane and 2-(2-chlorophenyl)oxetane have been analysed. The 60 MHz PMR chemical shifts and proton-proton coupling constants have been studied in the temperature range from -20 C to +80 °C. The chemical shifts were sensitive to temperature, while the coupling constants were not, except the long range 5 J m coupling constant between the methine proton and the meta positioned phenyl proton in 2-(2-chlorophenyl) oxetane.
Experimental
The compounds 2-(2-chlorophenyl)oxetane (I) and 2-(3-chlorophenyl)oxetane (II) were synthesized at the Department of Chemistry, University of Oulu 1 . Solutions of 10 mole % in carbon tetrachloride (CC14) were prepared. Tetramethylsilane (TMS) was used as an internal standard.
The 100 MHz PMR spectra were recorded by a Varian HA 100 spectrometer and the 60 MHz spectra by a Varian A 60 spectrometer. The temperature was controlled by a V-6040 controller unit. The accuracy of the temperature in all measurements is ±2 °C. The calibration was carried out by the normal sideband technique (sidebands of TMS) using a Krohn-Hite 4100 push-button oscillator and an Advance TC9 timer counter. Three spectra in each sweep direction were recorded and average values were used in the analyses. The accuracy of the line positions is approximately +0.1 Hz or better.
The proton chemical shifts and proton-proton coupling constants were obtained from the spectra by the programme LAOCN3 2 . The error limits given in the tables usually result from the computations. Programmes ABCDE 3 for a five l/2-spin system and PIIRTO 3 for plotting the stick and lorentzian spectra have been used.
The computations were performed with a UNIVAC 1108 and a Honeywell 1644 computer.
Introduction
During the last four years several NMR studies on substituted oxetanes have been published and referred partly in parts IV 4 Recently a 300 MHz PMR study of 2-methyloxetane, 2-phenyloxetane, 2 -(4-chlorophenyl) oxetane, and 2-(2-chlorophenyl) oxetane in carbon tetrachloride and d6-benzene solution has been made n .
In this work the 100 MHz spectra of the phenyl protons of 2-(2-chlorophenyl)oxetane (I) and 2-(3-chlorophenyl)oxetane (II) have been analysed. Furthermore, the temperature effect on the oxetane and phenyl proton chemical shifts and coupling constants in I, and on the oxetane proton chemical shifts and coupling constants in II have been studied by the 60 MHz spectra.
Analyses of the Spectra
Both compounds contain nine hydrogen atoms.
The spectra arising from the nine protons are, however, even at the field of 1.4 T, rather clear, except that the resonance region of the phenyl protons in II does not exhibit enough lines for a complete ana-lysis. Therefore, in this case the 100 MHz spectrum was first analysed by simulating the spectrum with different values of parameters and then the 60 MHz spectrum was calculated with the best values obtained. Good agreement was established in both spectra. The principles of the subspectral method are described in Part III of this series 12 .
Spectra of the Phenyl Protons
The spectrum of the phenyl protons in I was treated as an ABCDX system, where X refers to the methine proton in the oxetane ring. Since the proton X produces a "triplet" with rather broad components, the transition frequencies belonging to X were excluded from the iteration. Consequently, the coupling constants /jX (i = A, B, C, D) were determined by the transitions dominated by the nuclei i. The RMS errors illustrating the fits varied from 0.080 Hz to 0.041 Hz, the number of observations being 54 to 48 in the case of I at different temperatures.
When analysing the spectrum of II it appeared that the phenyl protons form an AA'BCX spin system together with the methine proton X. In addition, the protons A and A' are strongly coupled to B (/AB and /A'B are both about 8 Hz), the chemical shift difference J'B -Va.a' being about 4.4 Hz. For these reasons and the fact that also in this case the X transitions could not be used, the coupling constants Table 1 . Chemical shifts a and coupling constants (in Hz) of the phenyl protons in 2-(2-chlorophenyl) oxetane (I) and 2-(3-chlorophenyl) oxetane (II) analysed from the 100 MHz spectra. were not obtained with very good accuracy (see Table 1 ), though the difference between the observed and calculated transition frequencies is less than 0.1 Hz for all lines. From the 60 MHz spectrum of the phenyl protons of II only a few lines from the AA B part can be resolved, and thus they do not give enough equations for a complete analysis.
Spectra of the Oxetane Protons
In both cases the spectral parts of the five oxetane protons can be analysed as ABCDE systems, but the transitions arising mainly from the methine nucleus E (nucleus X in the phenyl spin system) could not even now be included in the calculations. For the reasons given above the coupling constants between the methine proton and the other protons in the oxetane or the phenyl ring cannot be determined as accurately as the other ones. In addition, the chemical shift of the methine proton (E) could not be obtained from the analysis, but it was measured from the mid point of the central peak of the triplet. Labelling of the protons is as given in 
Results

100 MHz Spectra
The magnetic parameters obtained from the analyses of the 100 MHz spectra at room temperature are given in Table 1 . The error limits for I are as given by LAOCN3, while the ones for II have been estimated by studying the effect of each parameter on the calculated frequency values. The error limits for II are greater than those for I for the reasons described in the previous chapter.
Despite of the relatively great errors some significant differences or equalities between the corresponding values of I and II can be pointed out. Firstly, the resonance region of I is much wider than that of II. For example, the proton 6 resonates at a field about 51 Hz lower in I than in II. Sec- 
60 MHz Spectra
Temperature Dependence of the Proton Chemical Shifts
Chemical shifts for the oxetane protons are collected in Tables 2 and 3 
Temperature Dependence of the Coupling
Constants
As it can be found in Tables 2 and 3 eis coupling constants, /8,io and ]941, seem to decrease while the trans coupling constant, seems to increase and the other, /9.10, to decrease slightly when the temperature is increased in I. It is rather difficult to interprete these results, but perhaps the changes could be connected at least partly with the changes in the dihedral angles of the H -C -C -H fragments 6 .
As it was stated earlier in this paper, the spectral part of the phenyl protons in II consists of only a few resolvable lines at 60 MHz and thus does not give enough information for determining all the parameters. Consequently, only the coupling constants of I could be analysed as a function of temperature. The results in the temperature range from -3 °C to + 80 C are listed in Table 4 . The error limits are rather large, larger than the errors for the oxetane proton coupling constants, and thus no definite conclusions can be drawn. However, the coupling constant J5-from the meta position in the phenyl ring to the oxetane methine proton is monotonically increasing when the temperature rises, while the other long range coupling constants between the rings, /37 , y47 , and /67 , stay almost constant.
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